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CLINICAL PERSPECTIVE

The diseases of affluence paradigm suggests that noncommunicable diseases are the modern scourges of the world and are
hence more common in developed countries. But until now, little has been known about the associations of these risk factors
with the macroeconomic characteristics of countries, and how the associations have changed over time. We examined this
paradigm by using data from a global analysis of body mass index, systolic blood pressure (SBP), serum total cholesterol,
and fasting plasma glucose. We found that in 1980, body mass index, SBP, and serum total cholesterol were in fact higher in
wealthier countries. By 2008, there was either no relationship between SBP and national income (for men) or SBP was lower
in wealthier countries (for women). This may be partly due to improved diagnosis and treatment in wealthier countries and
perhaps subtle improvements in diet and lifestyle, for example, lower salt intake and year-round availability of fresh fruits
and vegetables. The relationship between body mass index and national income in more recent years resembled an inverted
U, in part, because overweight and obesity increased substantially in many middle-income countries. Unlike SBP and fast-
ing plasma glucose, serum total cholesterol was associated with both income and Western diet throughout this period. We
also found that fasting plasma glucose was positively correlated with body mass index but had little association with other
national characteristics. If the observed trends continue, developed countries will continue to face an obese population with
a high prevalence of diabetes mellitus and hypercholesterolemia, whereas developing countries will be confronted by a com-
bination of obesity, hypertension, and diabetes mellitus. The diseases of affluence paradigm seems inadequate for explaining
these nuances in the global epidemiology of cardiovascular risk factors and should be replaced with a more refined frame-
work that better informs both policy and intervention.
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Supplementary Text
The association of metabolic risk factors with income, urbanization, and western diet:

statistical methods and considerations

All of our graphical and statistical analyses are based on a Bayesian multiple imputation
approach. Specifically, the Bayesian statistical model for estimating risk factor levels borrowed
information based on a hierarchy of countries within subregions and regions, across time and age
groups, and using a small set of country-specific covariates. These covariates included the
country-level characteristics considered in this paper’s analyses, namely metrics of national
income, urbanization, and western diet. This may appear to introduce circularity and potentially
overestimate the association. Below, we provide the statistical justification for this approach and
specify how we took into consideration the fact that the risk factor data were estimated using a
Bayesian statistical model with covariates. In our explanation below, we conceptually divide our
risk factor estimates into those that are essentially “known” based on good data for a given
country-year and those that are imputed in the absence of such data; in reality there is a

continuum of uncertainty.

First, we note that the covariates in the Bayesian model were chosen with the goal of best
predicting country risk factor levels. The predicted risk factor levels used here are based on the
posterior predictive distribution from the Bayesian hierarchical model, which conditions on all
available information, both risk factor data and explanatory variables. As such, the posterior
draws of country risk factor levels are a Bayesian multiple imputation. It is well known in the

statistical literature that a correct multiple imputation procedure should condition on all available
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information'. Further, we note that the imputed country risk factor levels are based on the
estimated relationship with covariates and the variability of country risk factor levels around the
relationship, hence incorporating the variation around the estimated relationship. In other words,
we draw from the posterior predictive distribution, which is the model’s estimate of the
distribution of the country risk factor levels, and therefore includes all of the appropriate sources

of variation.

We can motivate the approach further by considering an example of why it would be incorrect to
exclude the country-level characteristics of interest from the Bayesian hierarchical model.
Suppose that we exclude a country covariate that is correlated with the risk factor of interest, and
that none of the other covariates in the model are correlated with that characteristic. The result
will be that our imputed values for missing country risk factor levels will not be correlated with
the characteristic. When we produce figures such as Figures 1-3, those countries with data-
driven, essentially-known risk factor levels would show a correlation with the characteristic but
the imputed values would not, so the overall association would appear weaker than if we knew
the true country risk factor levels. Now suppose that the characteristic of interest is not
correlated with the risk factor of interest but that we include it in the Bayesian model. In the
Bayesian model, we will estimate a near-zero coefficient based on the available country data, and
the imputed values will be uncorrelated with the characteristic. Then in the subsequent analyses,
neither the data-driven risk factor levels nor the imputed values will be correlated with the

characteristic, and there will not be a circularity problem.
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Given the uncertainty in the country-specific risk factor levels, including in relation to the
covariates, our assessment of associations takes a missing data perspective and is based on a
Bayesian multiple imputation approach® %, Specifically, we present the Loess fits, and the
correlation and regression coefficients, in Figures 1-4 based on 500 posterior draws from the
Bayesian model. Uncertainty intervals were calculated as the 2.5 to 97.5™ percentiles of these

500 draws.
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Supplementary Table
Table S1: Country data used in Figures 1-4 of the main paper. Data are from a systematic
analysis of population-based data, by sex, for 199 countries and territories, as described in detail

in previous publications®® and in the main paper.
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